Introduction
============

Cirrhosis is progressive hepatic fibrosis characterized by distortion of the hepatic architecture. It has been identified as one of the leading causes of mortality, with close to 50,000 deaths attributed to it per year in the United States.[@b1-ceg-8-089] The major morbidity from cirrhosis is due to portal hypertension, with formation of venous collaterals and marked circulatory as well as vascular abnormalities. Portal hypertension is a manifestation of increased resistance to portal blood flow, resulting most commonly from structural and dynamic changes within a fibrotic liver.[@b2-ceg-8-089] A majority of patients with cirrhosis have elevated portal pressure gradient, with more than one-third developing esophageal varices.[@b3-ceg-8-089] The rate of development of new varices in patients with cirrhosis is about 8% per year.[@b4-ceg-8-089] Bleeding from varices accounts for a significant proportion of all deaths related to cirrhosis.[@b5-ceg-8-089] The mortality rate of variceal bleed approaches 30% with an additional one-third of patients dying within a year.[@b6-ceg-8-089] It has therefore been recommended that all patients with cirrhosis undergo endoscopic screening for varices.[@b7-ceg-8-089]

Even though an elevated hepatic-portal vein pressure gradient of \>10 mm of Hg is the single most accurate predictor for development of varices,[@b8-ceg-8-089] its measurement is often hampered by lack of technical expertise and is fraught with complications, such as intraperitoneal bleeding. Attempts have been made to diagnose portal hypertension with noninvasive radiological tests, such as ultrasound. Several parameters, including portal vein size, flow reversal, and thrombosis have been looked into but were found to be lacking sensitivity.[@b9-ceg-8-089] However, no studies have been done previously to demonstrate the sensitivity of portal vein to splenic vein diameter ratio and gradients, as measured with computerized tomography (CT), in predicting esophageal varices. In this retrospective study, we looked at the value of measuring these radiological indices in patients with cirrhosis undergoing esophagogastroduodenoscopy (EGD) for variceal screening.

Methods and materials
=====================

Patients
--------

This retrospective study was performed according to the Declaration of Helsinki. The Institution Review Board (IRB) at Bronx Lebanon Hospital Center approved the protocol. The period of study was 5 years, from 2009 to 2013. The data was collected from the electronic medical records of patients and tabulated in Microsoft Excel^®^ (Microsoft Corp, Redmond, WA, USA). All patients with cirrhosis who underwent EGD for variceal screening and also had a contrast enhanced CT of abdomen within 6 months of the index endoscopic procedure were included in the study. All the endoscopies were performed at a single center by experienced gastroenterologists using Olympus GIF-160 gastrointestinal videoscopes (Olympus Corp, Tokyo, Japan). Patients on nonselective beta blockers, patients with presinusoidal portal hypertension (portal vein thrombosis or extrinsic compression), and patients with transjugular intrahepatic portosystemic shunt (TIPS) or balloon-occluded retrograde transvenous obliteration (BRTO) were excluded from the study.

The endoscopic reports of all the patients included within the study were manually reviewed. Patients were allocated to either of the two groups: group 1 with esophageal varices and group 2 without esophageal varices. The grading of varices was done using the Beppu Classification.[@b10-ceg-8-089] We collected the baseline demographic data for both groups, including age, sex, and race. We calculated the Model for End Stage Liver Disease (MELD) scores for both groups at the time of the procedure.

Evaluation of results
---------------------

We measured the sizes of portal vein and splenic veins on CTs of the abdomen (in mm). All the measurements were taken within 5 mm of the splenomesenteric confluence and in the coronal plane (as shown in [Figure 1](#f1-ceg-8-089){ref-type="fig"}). The ratio and difference of these measurements were computed. The means of these computed values in the varices group were then compared with those in the group without the varices.

Statistical analysis
--------------------

Continuous variables were stated as mean (± standard deviation) and categorical variables as variceal presence or absence. Fisher's exact test was used for comparing two categorical variables. Unpaired *t*-test was used for comparison of means. The categorical and continuous variables were compared using analysis of variance (ANOVA). Efficiency of the computed parameters in predicting the studied outcome was calculated using discriminant function analysis. A *P*-value \<0.05 was considered statistically significant.

Results
=======

There were a total of 164 unique patients with cirrhosis who underwent EGD for variceal screening and contrast enhanced CT of abdomen within the study period of January 2009 to December 2013. Out of the study population, 126 patients (67%) had varices while 38 patients (33%) did not. The baseline characteristics of both study groups are shown in [Table 1](#t1-ceg-8-089){ref-type="table"}. We found that all the baseline characteristics were similar among these two groups barring mean age (significantly higher in the varices group \[*P*=0.0118\]) and MELD scores (significantly higher in the nonvarices group \[*P*=0.0116\]). The distribution of etiologies of liver cirrhosis was not significantly different amongst the two groups (*P*=0.7261).

The mean of ratio of portal vein to splenic vein diameters in patients with varices was 1.27 (±0.2) as compared with 1.5 (±0.23) in those without ([Figure 2](#f2-ceg-8-089){ref-type="fig"}). The difference was statistically significant, with a *P*-value of \<0.001.

The mean of the gradients between the portal vein and splenic vein diameters was 2.7 (±2) mm for patients with varices as compared with 5 (±1.8) mm for those without varices ([Figure 3](#f3-ceg-8-089){ref-type="fig"}). This was also significantly different between the two groups, with a *P*-value of \<0.001.

These correlations were maintained even after controlling for age, MELD score, sex, or etiology of cirrhosis.

Neither the ratio of portal vein to splenic vein diameters (*P*=0.76) nor the gradient between the portal vein and splenic vein (*P*=0.90) correlated with the grade of esophageal varices. However, there was a significant correlation between the mean ratio of portal vein to splenic vein diameters, and the presence of gastric varices (*P*=0.018). The same was true for the correlation between the mean gradient between the portal vein and splenic vein, and the presence of gastric varices (*P*=0.01).

Univariate analysis showed that the mean ratios of the splenic vein to portal vein diameters was significant, and so was the difference between them, in predicting the presence of varices. Hence, to further evaluate the efficiency of these parameters in predicting varices, a discriminant function analysis model was computed. As per the analysis, the log determinants were similar -- Box's M (0.0096) indicated that assumption of equality of the covariance matrices was violated (\>0.001). The canonical discriminant function value was 0.407, and the utility of this model to predict the outcome of varices was significant (Wilk's lambda with significance of \<0.001). The weighted mean of the centroids was 0.0282. The sensitivity of predicting the varices with this model was 95%; however, the specificity was low, at only 26.3%. The positive predictive value of the model was calculated to be 81.08%, whereas the negative predictive value was 62.5%. The distribution of the discriminant score can be seen in [Figure 4](#f4-ceg-8-089){ref-type="fig"}. The following was generated from the canonical discriminant function coefficients. $$\begin{array}{l}
{D = 2.68\ (\text{ratio~of~portal~vein~to~splenic~vein~diameters})} \\
{\mspace{32mu} + \ 0.187\ (\text{gradient~of~portal~vein~to~splenic~vein~diameters,~in~mm}) - 4.152,} \\
\end{array}$$where D is the discriminant function coefficient.

We also looked at correlation between the portal venous system radiological indices and validated noninvasive esophageal varices assessment tools, such as platelet count/spleen volume ratio. There was no correlation between the portal vein splenic vein diameter ratio and platelet count/spleen volume ratio (*P*-value= 0.499). The same was true with the correlation between portal vein splenic vein diameter gradient and platelet count/spleen volume ratio (*P*-value = 0.2) ([Figure 5](#f5-ceg-8-089){ref-type="fig"}).

Discussion
==========

The hemodynamics of portal venous flow is yet to be fully elucidated. Increased resistance to portal venous flow, due to hepatic fibrosis with subsequent collateral vessel formation and diffuse vasodilatation, contributes to the progression of portal hypertension.[@b11-ceg-8-089] The typical sonographic changes in portal hypertension include biphasic or reversal of flow in the portal vein or recanalization of the paraumbilical vein (enhancement in a CT study). Presence of venous collaterals also point towards portal hypertension, but these findings are often missed in presence of obesity and bowel gas.[@b12-ceg-8-089] Consistent with the hydraulic analogy to Ohm's law (Pressure = Resistance × Flow), we hypothesized that with a fixed resistance from a fibrotic liver, increased flow, with collateral formation, is seen in advanced portal hypertension. The splenoportal veins increase in caliber with worsening portal hypertension, and partially decompresses by opening a shunt with systemic circulation, ie, a varix. In the event of portosystemic shunting; there is a differential decompression across the portal vein and splenic vein (portal vein \> splenic vein), with a resultant decrease in the ratio of portal vein diameter to that of splenic vein. The portal vein to splenic vein diameter ratio and gradient could be valuable tools in predicting the presence of portosystemic shunting. We found that both these radiological indices correlated well with presence of esophageal varices.

Our study had multiple disadvantages that are inherent to a retrospective study. Even though we took only patients with liver cirrhosis undergoing EGD for variceal screening who did not have any of the factors that could directly influence the portal or splenic vein pressures (as identified by medication reconciliation or imaging findings), we allowed a maximum period of up to a 6 months between the endoscopic study and CT scan, which could have skewed our findings. Though CT imaging does not suffer from interoperator variability, unlike ultrasonogram, there could be interobserver variability in measuring the portal venous system diameters. Even though the sample size was small, we did achieve high sensitivity of 95% with our prediction model.

In conclusion, we observed statistically significant correlation between portal to splenic vein ratio and gradients to the presence of esophageal varices. This could be especially useful in patients with end-stage liver disease who are high risk for undergoing diagnostic endoscopy under intravenous sedation. However, we recommend prospective studies with larger sample sizes to clearly elucidate the value of radiological indices in predicting the presence of esophageal varices.
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![Coronal section of abdomen.\
**Notes:** Splenic vein (green arrow), mesenteric vein (yellow arrow), and portal vein (red arrow). The planes for measuring the cross-sectional diameters of splenic and portal veins on either side of the splenomesenteric confluence are marked by blue lines.](ceg-8-089Fig1){#f1-ceg-8-089}

![Box-plot comparing the means of ratios of portal to splenic vein diameters in the two study groups.\
**Notes:** The mean of ratios of portal vein to splenic vein diameter was significantly lower in patients with portosystemic shunting when compared with patients without (*P*\<0.001).\
**Abbreviation:** PVISV, Denotes ratio of portal vein to splenic vein.](ceg-8-089Fig2){#f2-ceg-8-089}

![Box-plot comparing the means of gradients of portal to splenic vein diameters in the two study groups.\
**Notes:** The mean portal vein to splenic vein diameter gradient was significantly lower in patients with portosystemic shunting compared with patients without (*P*\<0.001). The asterisk and circles in the box plot of the patients with varices indicate the outliers.](ceg-8-089Fig3){#f3-ceg-8-089}

![Distribution of the discriminant score.\
**Notes:** (**A**) patients with esophageal varices and (**B**) patients without esophageal varices.\
**Abbreviation:** SD, standard deviation.](ceg-8-089Fig4){#f4-ceg-8-089}

![Linear regression scatter plot showing correlations between platelet count to spleen volume index and radiological indices.\
**Notes:** There was no significant correlation between either portal vein to splenic vein diameter ratio and platelet count/spleen volume index (*P*=0.499) (**A**) or the portal vein splenic vein diameter gradient and the platelet count/spleen volume index (*P*=0.20) (**B**).\
**Abbreviations:** PSI, platelet count/spleen volume index; PVSVG, portal vein splenic vein diameter gradient; PVSVR, portal vein splenic vein diameter ratio.](ceg-8-089Fig5){#f5-ceg-8-089}

###### 

Baseline characteristics of patients who had undergone EGD for screening of varices

  Characteristic                                                                                  Varices present   Varices absent   *P*-value
  ----------------------------------------------------------------------------------------------- ----------------- ---------------- -------------------------------------------------
  Age (yrs)[\*](#tfn1-ceg-8-089){ref-type="table-fn"}                                             59.87±12.44       54.05±12.4       0.0118[‡](#tfn3-ceg-8-089){ref-type="table-fn"}
  Race                                                                                                                               
   African American                                                                               58 (46)           18 (47.4)        1.000
   Hispanics                                                                                      68 (54)           20 (52.6)        1.000
  Male sex, n (%)                                                                                 78 (61.9)         24 (63.1)        1.000
  MELD[†](#tfn2-ceg-8-089){ref-type="table-fn"} score[\*](#tfn1-ceg-8-089){ref-type="table-fn"}   5.9±3.68          7.03±4.08        0.0116[‡](#tfn3-ceg-8-089){ref-type="table-fn"}
  Etiology of cirrhosis                                                                                                              
   Hepatitis C                                                                                    86                24               0.7261
   Alcohol                                                                                        26                8                
   NAFLD                                                                                          14                6                

**Notes:**

The values are expressed as mean ± SD

MELD scoring is a system for assessing the severity of chronic liver disease and is calculated by the formula: MELD = 3.78 (Ln serum bilirubin \[mg/dL\]) + 11.2 (Ln INR) + 9.57 (Ln serum creatinine \[mg/dL\]) + 6.43

*P*-value \<0.05 was considered statistically significant.

**Abbreviations:** EGD, esophagogastroduodenoscopy; INR, international normalized ratio; MELD, Model for End-Stage Liver Disease; NAFLD, non-alcoholic fatty liver disease; SD, standard deviation.
